In this paper, the analysis of ground motions (displacements, velocities and accelerations) has been performed focused to the seismic design. The relationships between the peak ground acceleration (PGA), the peak ground velocity (PGV), the peak ground displacement (PGD) and the bracketed duration, with the earthquake magnitude, are presented and their validity and applicability for seismic design is discussed. Finally, the dominant periods of the ground motions (displacement, velocity and acceleration) are obtained from their Fourier Spectrum. Their validity and applicability for the seismic design is discussed also. The results presented in this paper show that the relationships that exist between the important parameters: PGA, PGV, PGD and duration; and the earthquake magnitude, allow the prediction of the values for these parameters, in terms of the magnitude for future strong motions. These predictions can be very useful for seismic design. Particularly, the prediction of the magnitude associated to the critical acceleration, because the earthquakes with magnitude greater than this critical magnitude can produce serious damages in a structure (even its collapsing). The application of the relationships obtained in this paper must be very careful, because these equations are dependent on the source area, location and type of structure. The dominant periods of the ground motions (displacement, velocity and acceleration) that are computed and presented in this paper, are also important parameters for the seismic design, because recent studies have shown that the earthquake shaking is more destructive on structures having a natural period around some of these dominant periods. These parameters must also be handled with caution, because they show dependence with the source area, location and type of structure.
Introduction
It is known that earthquakes are responsible of an important part of the casualties, occurred around the world due to natural disasters [1] . In addition, earthquakes produce high economical losses which could be avoided, in most of the cases, with an adequate seismic design [2] . For this reason, it is the principal importance any study performed to mitigate the disasters caused by earthquakes. For it, the seismic design requires the knowledge of some parameters that must be included or considered, for the earthquake resistant design of structures. Ones of the most important parameters to be considered are: the peak ground acceleration (PGA), the peak ground velocity (PGV), the peak ground displacement (PGD) and the bracketed duration [3] . These parameters are easy to measure, from the three types of strong-motion record that are usually available: seismogram (ground display-cement), velocigram (ground velocity) and accelerogram (ground acceleration).
The peak ground acceleration (PGA) is the maximum value of the ground acceleration (positive or negative) that appears in the accelerogram. The peak ground velocity (PGV) is the maximum value of the ground velocity (positive or negative) that appears in the velocigram. The peak ground displacement (PGD) is the maximum value of the ground displacement (positive or negative) that appears in the seismogram. The bracketed duration is the time duration of the ground shaking, defined as the elapsed time between the first and last acceleration excursions greater than some reference value (usually taken as 0.05 g, where g is the gravity acceleration). Table 1 . The small circles denote the maximum present in the corresponding trace joint to its numerical value. The dashed lines denote the reference value (0.05 g) selected to determine the bracketed duration. The bracketed duration is marked in the accelerogram joint to its numerical value.
shows the value of these parameters for a ground motion recorded on the vertical component [4] .
Recent studies have shown that the dominant periods of the Fourier Spectrum of the ground motion (displacement, velocity and acceleration), are also very important parameters to be considered in the seismic design, because the earthquake shaking is more destructive on structures having a natural period around some of these dominant periods [5] . Therefore, it is very suitable to consider also the values of these dominant periods, as important parameters for the seismic design.
Thus, it would be very desirable to obtain relationships between the above mentioned parameters (PGA, PGV, PGD and duration) and the earthquake magnitude, to predict the possible values that these important parameters can take for future strong motions. This is the goal of this study, the determination of relationships between PGA, PGV, PGD and duration with the magnitude. The validity and applicability of these formulas also will be discussed. Finally, the dominant periods of the ground motions considered in this study also will be obtained.
Methodology and Background
It is known that the maximum acceleration A (cm/s 2 ) of the ground motion produced by an earthquake, is related to the intensity of this earthquake, by means of a linear equation [3] . On the other hand, also it is known that the intensity of an earthquake is also related to the magnitude M (mb) of this earthquake, by means of a linear equation [6] . Therefore, a linear relationship must exist between maximum acceleration A (cm/s 2 ) and magnitude M (mb). This relation is given by
where (a 1 , b 1 ) are constants to be determined. Logically, the existence of the relationship (1) implies that a similar relationship must exist for the maximum velocity and the maximum displacement [7] . These linear relationships are given by
where V is the maximum velocity, D is the maximum displacement and (a 2 , b 2 , a 3 , b 3 ) are constants to be determined. Respect to the bracketed duration, also exits a relationship between this parameter and the magnitude, but this relation is not linear. Nevertheless, this relationship can be written in linear form by means of the for-
where (a 4 , b 4 , c) are constants to be determined.
Equations (1) to (4) are the relationships that exist between the above mentioned important parameters (PGA, PGV, PGD and duration) and the earthquake magnitude. These linear equations allow the prediction of the values for these parameters, in terms of the magnitude for future strong motions [8] . The application of Equations (1) to (4) must be very careful, because the constants (a 1 , b 1 , a 2 , b 2 , a 3 , b 3 , a 4 , b 4 , c) of these equations are determined for a location (station) and a source area (a small area in which the epicenters can be grouped), i.e., the values for these constants can be different for different locations and/or different source areas (there are a dependence with the propagation path). Moreover, for the same location and source area, the values of these constants can depend on the type of soil (over which the structure is built), the type of structure (masonry structure, timber structure, iron structure, concrete structure, building, bridge, nuclear power plant, etc.), the foundations of the structure or the type of connection between structure and foundations [1, 9] . Thus, Equations (1) to (4) must be handled with caution.
Data
In this kind of studies, the primary data are seismograms, velocigrams and accelerograms. Nevertheless, in some cases only the accelerograms are available, then seismograms and velocigrams must be computed from the accelerograms by integration, using the Fast Fourier Transform (FFT) and its properties, applied to the Fourier Spectrum of the corresponding accelerogram [9, 10] . In this study, only seismograms have been available, velocigrams and accelerograms have been computed from these seismograms by derivation, using the FFT and its properties, applied to the Fourier Spectrum of the corresponding seismogram [10] .
The seismograms used in this study correspond to 22 earthquakes ( Table 1) , which occurred on the neighboring of the Iberian Peninsula. These earthquakes have been registered by the broadband station EJON located on Iberia (latitude 42.4487 ºN, longitude 2.8886 ºE), with a sampling ratio of 100 samples per second (100 sps). The instrumental response (Figure 2) has been taken into account to avoid the time lag introduced by the seismograph system and all distortions produced by the instrument [11] . This correction recovers the true amplitude and phase of the ground motion, allowing the analysis of the true ground motion. For this reason, all the traces considered in this study were corrected for instrument response.
The traces used in this study correspond to events grouped in the same source area, to ensure that the propagation path be the same for all events, because the constants (a 1 , b 1 , a 2 , b 2 , a 3 , b 3 , a 4 , b 4 , c), of Equations (1) to (4), are propagation-path dependent as it was mentioned in the previous section of this paper. A source area is defined as a location in which the seismic events have occurred with similar epicenter coordinates [12] . The maximum coordinate difference considered to group events has been equal to 0.2 degrees in latitude and longitude. 
Application and Results
The values of the constants (a 1 , b 1 , a 2 , b 2 , a 3 , b 3 , a 4 , b 4 , c) have been determined for the location and source area considered in this study, from the seismograms corresponding to the events listed Table 1 recorded at the EJON station (velocigrams and accelerograms has been computed by derivation), by a linear fit as it is shown in Figures 3-6 . These constants could be different for different locations and/or different source areas. Also, these constants could be different for the same location and source area, if the type of soil over which the structure is built, the type of structure, the foundations of the structure or the type of connection between structure and foundations; are different [1] . For this reason, Equations (1) to (4), which predict the values of the parameters (PGA, PGV, PGD and duration) with the earthquake magnitude, must be handled with caution, because these predictions could be false when the conditions previously (1) to (4) . The predictions given by Equations (1) to (4) can be very useful for seismic design. Particularly, Equation (1) can be very useful because it allows the knowledge of the maximum acceleration that can occur for any earthquake, including earthquakes with high magnitudes which have not occurred up to now. With Equation (1), it can be known in which magnitude the critical acceleration is reached (Figure 3) . The critical acceleration is defined as the maximum acceleration that a structure (building, bridge, nuclear power plant, etc.) can bear without damages [1] . For each structure, this critical value of the acceleration exists. The structure can bear serious damages or collapse, if this value of the acceleration is overcame [2] . Thus, an important application of Equation (1) is to know the magnitude associated to the critical acceleration, because earthquakes with magnitude greater than this magnitude can produce serious damages in that structure (even its collapsing).
Finally, the dominant periods of the ground motions (displacement, velocity and acceleration) considered in this study, have been obtained from their Fourier Spectrum, as it is shown in Figure 7 . These dominant periods are parameters that can be very useful for seismic design, because recent studies have shown that the earthquake shaking is more destructive on structures having a natural period around some of these dominant periods [5] . These parameters also show dependence with the source area, location and type of structure. For it, they must be recomputed for different source area, location and type of structure; to ensure their validity and applicability.
Conclusions
Equations (1) to (4) obtained and discussed in this paper, are the relationships that exist between the important parameters: PGA, PGV, PGD and duration; and the earthquake magnitude. These linear equations allow the prediction of the values for these parameters, in terms of the magnitude for future strong motions. The application of Equations (1) to (4) must be very careful, because the constants (a 1 , b 1 , a 2 , b 2 , a 3 , b 3 , a 4 , b 4 , c) of these equations are dependent on the source area, location and type of structure. The predictions given by Equations (1) to (4) can be very useful for seismic design. Particularly, the prediction given by Equation (1), because it can provide the magnitude associated to the critical acceleration. The knowledge of this critical magnitude is very important in seismic design, because earthquakes with magnitude greater than this magnitude can produce serious damages in a structure (even its collapsing). The dominant periods of the ground motions (displacement, velocity and acceleration) also have been computed and presented in this paper. These dominant periods are parameters that can be very useful for seismic design, because recent studies have shown that the earthquake shaking is more destructive on structures having a natural period around some of these dominant periods. Nevertheless, these parameters must be handled with caution because they also show dependence with the source area, location and type of structure.
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